The normal ranges of 3 (Macfarlane, I969). In order to determine the normal ranges of parameters for the modified system a group of normal subjects had 3 lead electrocardiograms analysed and interpreted by computer. This paper describes the results obtained.
A modification to the axial orthogonal lead electrocardiogram recording system of McFee and Parungao (I96I) has recently been described (Macfarlane, I969) . In order to determine the normal ranges of parameters for the modified system a group of normal subjects had 3 lead electrocardiograms analysed and interpreted by computer. This paper describes the results obtained.
Methods
Two hundred and sixty-five normal male and female subjects whose ages ranged from 4 to 8o years were studied. Their age distribution stratified in three groups, up to I4 years, I5 to 29 years, 30 years and over, is shown in Table I . Each patient was assessed as normal on the basis of physical, radiological, and conventional 12 lead electrocardiographic examination.
Three lead electrocardiograms were tape-recorded using standard FM techniques and replayed to a PDP-8 computer for analogue to TABLE I Age distribution of 265 subjects used in the study lead by a scalar analysis of each lead individually. The onset of the QRS complex in each lead was taken as the baseline or zero value for the whole P-QRS-T complex. The method of wave recognition will be presented elsewhere in detail (Macfarlane, 197I) .
All wave measurements were output to magnetic tape for analysis by a second programme which calculated means, standard deviations, and 96 per cent ranges for each parameter. If the value of a parameter was zero or did not exist -for example, an R/Q ratio when there was no Q wave, the parameter was not included in the estimation of the mean and standard deviation. Ninety-six per cent ranges were calculated, since it is well known that values of electrocardiogram parameters are not distributed normally (Simonson, I961). Hence it is not correct to consider the range of a parameter to be the mean ±2 x standard deviation. In the case of the under-Is age-group with only I8 patients, one value of a parameter was removed from the lower and upper end of the range.
FIG. I The 3 orthogonal lead reference frame used. Lead Z is directed positively to the anterior. Age left, the angular frame of reference was the same for each plane, frontal, right sagittal, and transverse. Angles were measured from o0°*36o0 in a clockwise direction (Fig. I) .
All standard scalar wave amplitudes and duration measurements were obtained. Only Q, R, and S wave durations are presented, since PR, QRS, and QT intervals correspond with I2 lead measurements. In addition time-normalized data (Draper et al., 1964) were obtained for QRS and ST-T segments (see Fig. 4 ). In this technique the QRS or ST-T segment is divided into 8 equal time intervals and the wave amplitude determined at the end of each. Maximum P, QRS, and T vector magnitudes and orientations were calculated together with the vectors at o0oi, 0-02, and 0o03 sec. after QRS onset and -O-OI, -0-02, and -0o03 sec. before QRS termination (Fig. 2) . The projection of the maximum vector on to each plane and the maximum vector in each plane (not necessarily the same) were also calculated. Only the early QRS vectors were found to be of diagnostic significance in subsequent clinical studies.
The R/S, R/Q, and R/T ratios were calculated 
OI4-4+0-54 0-I3-÷0-56 for each lead. Time integrals were also obtained, and though these were not extensively utilized in the interpretation programme their values are presented for completeness.
Results
The results of the study are presented in Tables 2-I3. Means and standard deviations together with 96 per cent ranges are given for each age-group. (Fig. 3) 
Appendix
From the values of lead strengths as shown in Table 14 it is possible to convert some of the data obtained from the modified system for use with the unmodified system. This applies to wave amplitudes and vector orientations. To convert lead Z amplitudes each value given in the Tables should be multiplied by 2-24/1-48. Similarly, for lead X the scaling factor is I-6I/I48. Lead Y values do not require any correction.
For the conversion of angular data, let 0 (o < 0 < go) be the angle measured by the modified system, and 0' the angle measured by the unmodified system. Then the following conversion equations are obtained:
0' transverse = tan -1 i6i tan 0) As an example the range of the projection of the maximum QRS spatial vector (Table 5) Tables iI, 12, 13, and 14 are overleaf. 
